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Abstract 
This paper presents teaching practices of an undergraduate course design (Special-Purpose Chip Design) for IC 
design undergraduate specialty at Ningbo University to meet strong demand for designers and electronic engineers of 
ASIC chips. The teaching content, teaching methods, and experiment modes of the Special-Purpose Chip Design 
course are explored and developed at Ningbo University by referencing advanced teaching practices. The teaching 
practice results of the course design used for the IC design undergraduate program have some value for other similar 
universities and colleges. 
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1. Introduction
The integrated circuit is the core technology of information industry in a country or region. Therefore,
undergraduate specialty construction of IC design has extremely vital significance for enhancing original 
innovation ability. In order to meet strong demands for designers and electronic engineers of ASIC chips, 
IC design and application undergraduate programs have been developed in some universities in China. 
From 2006, Ningbo University has being offered the IC design and application programs for the 
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undergraduate students of the Faculty of Information Science and Technology, which is one of the earliest 
ones in China. 
The IC design and application undergraduate specialty is a recent new undergraduate specialty all over 
the world, although some courses have begun for microelectronic undergraduate postgraduate and 
teaching long ago [1-6]. Therefore, teaching contents, teaching methods and experimental modes of its 
core courses are not mature experience for reference. A series of IC core courses for IC design and 
application undergraduate specialty have been developed at Ningbo University. In this paper, teaching 
practices of an undergraduate course design (Special-Purpose Chip Design) for IC design undergraduate 
specialty is presented. The teaching content, teaching methods, and experiment modes of the Special-
Purpose Chip Design course are explored and developed at Ningbo University by referencing advanced 
teaching practices, which includes course syllabus, lecture notes, experiment guide books, etc.  
2. The Curriculum System of the IC Design and Application Undergraduate Specialty 
The training goal of IC design and application undergraduate specialty is ASIC design and application 
ability. Through four years of learning and training, the students should have a solid mathematical and 
physical base. They should master theory, principle and design methods related on circuit principle, 
analog circuits, digital circuits, IC design, and IC manufactures with the related knowledge and ability. 
They should also be skillful at IC design tools, and have design capabilities of ASIC chips by using these 
IC design tools. Moreover, students should have basic skills in literature search, strong ability of self-
study, practice ability, and certain scientific research ability and innovative consciousness.  
After careful thorough investigation and demonstration, finally we determine the curriculum system of 
the IC design and application undergraduate specialty, as shown in Fig. 1, which is composed of four 
parts, named as comprehensive education courses, compulsory courses in big academic subjects, 
professional education platform courses, and professional module courses of IC designs and applications. 
Integrated Circuit Basis
ASIC Design
Automatic Design of Digital 
System and Its Practice
Analysis and design methods
Cell-based ASIC design 
skills
Full-custom 
design skills
Fundamental theories
Professional education platform courses
Comprehensive education courses
Compulsory courses in big academic 
subjects
Professional module courses of the IC designs and application undergraduate specialty
Mixed-Signal IC Design Special-Purpose Chip Design
Basic theories and methods of 
engineering students
Basic knowledges of 
engineering students
Basic theories and methods of 
electronic and electrical students
Basic skill training of electronic 
and electrical students
Engineering practice
Comprehensive design
Practice ability 
Team cooperation
Fig. 1. The curriculum system of the IC design and application undergraduate specialty at Ningbo University 
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The basic theory and knowledge of mathematics, physics, circuit theory, analog & digital circuits, and 
computer related courses are covered by comprehensive education courses, compulsory courses in big 
academic subjects, and professional education platform courses at Ningbo University. The core courses in 
professional module of the IC design and application undergraduate program are shown in Table 1. 
Table 1. The core professional courses in IC design and application undergraduate specialty at Ningbo University 
Course name Lecture hours per week Experiment hours per week 
Integrated Circuit Basis 2.0 2.0 
ASIC Design 2.0 2.0 
Automatic Design of Digital System and Its Practice 1.0 4.0 
Mixed-Signal IC Design 2.0 3.0 
Analysis and Design of Digital System 2.0 2.0 
Special-Purpose Chip Design Three weeks (Short term) 
From Fig.1 and Table 1, the undergraduate course design (Special-Purpose Chip Design course) train 
students to resolve the actual engineering problems with the comprehensive adoption of fundamental 
theories, basic knowledge and basic technical ability through several projects, and develop student’s team 
cooperation sprits. 
3. Teaching and Innovation Practice of The Special-Purpose Chip Design course 
One of the keys of the course construction is how to set teaching contents, teaching methods and 
experimental modes reasonably and effectively. The IC design and application undergraduate specialty is 
a recent new specialty in universities and colleges all over the world, although some courses have begun 
for postgraduate teaching long ago. The teaching contents, teaching methods and experiment contents in 
the above core professional courses of IC design and application undergraduate specialty are not mature 
experience for reference. For the Special-Purpose Chip Design course, we have draw up course syllabus 
by referencing developing experiences of IC graduate students at Ningbo University and advanced 
teaching experiences of microelectronics. The teaching content and experiment teaching modes are 
explored and developed at Ningbo University, which includes course syllabus, lecture notes, experiment 
guide book, etc. 
The Special-Purpose Chip Design course is one of the professional core curriculums in the integrated 
circuit design and application undergraduate program, and it also is the only undergraduate course design 
in the undergraduate program. This course is a comprehensive application training course, and it 
emphasizes the engineering practice ability and team cooperation spirit of students, and trains students the 
capability of solving problems with the IC design knowledge. Through this course, the student should 
grasp full-custom ASIC design and cell-based ASIC design methods by using IC EDA tools. According 
to the teaching goal, the projects and requirements of the Special-Purpose Chip Design course have been 
draw up, as shown in Table 2, which are divided as two classes: Full-custom ASIC design and cell-based 
ASIC design projects.  
In the full-custom ASIC design, the projects train students to develop skills in the full-custom layout 
design, verification, and post-simulation. First, the students are demanded to complete schematic input 
and pre-simulation for the projects by using Cadence Composer. Then, the students should complete 
layout design and layout verification (DRC, LVS, and LPE ) by using Cadence Virtuoso Layout Editor 
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and Calibre, and post-simulation with HSpice simulation tool. Finally, the students should add I/O PAD 
and complete layout verification and post-simulation for the whole chip including the core and I/O PAD. 
In cell-based ASIC design projects, the course trains students to develop skills in the cell-based ASIC 
design flow, such as function modeling with Verilog HDL, logic simulations with VCS, logic synthesis 
with DesignCompile, layout place and route with SOC Encounter, and post-simulation for the whole chip 
including the core and I/O PAD with the NanoSim simulation tool. 
For an example, the SRAM design project is shown in Fig. 2. The students are demanded to complete 
the project using the full-custom ASIC design at Chartered Semiconductor 0.35um CMOS process 
(CHRT35dg_SiGe). The 32×32 SRAM is composed of Storage array, Read/Write data driver, Address 
decoder, Read/write word-line enable circuits, and ATD (Address Transition Detector) circuits. The 
schematic and layout of the SRAM design project with I/O PAD are shown Fig. 3. The students are 
demeaned to complete the  circuit designs and optimization of the SRAM, layout design and verification, 
and post-simulations. 
Table 2. The projects of The Special-Purpose Chip Design course in IC design and application undergraduate specialty at Ningbo 
University
Project name Requirements Course hours 
SRAM design Full-custom ASIC design: 
First, complete schematic input and pre-simulation for the project by 
using Cadence Composer. Then, complete layout design and layout 
verification (DRC, LVS, and LPE ) by using Cadence Virtuoso Layout 
Editor and Calibre, and post-simulation with HSpice simulation tool. 
Finally, add I/O PAD and complete layout verification and post-
simulation for the whole chip including the core and I/O PAD. 
Three weeks 
(Short term) 
CAM (Content addressable 
memery) design 
Bandgap benchmark source 
CMOS operational amplifier 
Digital electronic watch Cell-based ASIC design: 
First, complete function modeling for the project by using Verilog 
HDL, and logic simulations with VCS (Verilog coding styles). Then, 
complete logic synthesis by using DesignCompile, and layout place and 
route by using SOC Encounter. Finally, the layout is imported into 
Cadence Virtuoso Layout Editor, and complete layout verification 
(DRC, LVS, and LPE) by using Calibre and post-simulation for the 
whole chip including the core and I/O PAD by using the NanoSim 
simulation tool. 
Frequency indicator 
Multi-functional signal 
generator 
Digital filter 
Calculator 
Fig. 2. SRAM design project based on the full-custom ASIC design flow 
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Fig. 3. Schematic and layout of the SRAM design project with I/O PAD 
4. Conclusions 
After several years of construction and practice, the Special-Purpose Chip Design course has obtained 
many innovation achievements in course syllabus, experiment content, courseware construction, and IC 
experimental platform construction. Since the Special-Purpose Chip Design course is the only 
undergraduate course design in the IC design undergraduate program, we increased comprehensive 
experiment projects on the basis of basic experiment skills to improve students' design and practice 
abilities that they can easily transfer to a future workplace. Through the Special-Purpose Chip Design 
course, the students have greatly promoted knowledge application ability and project practice ability, and 
these can provide good foundation for their further study and develop. The teaching practice results of the 
Special-Purpose Chip Design course developed at Ningbo University have some value for the 
undergraduate course design of the other similar universities and colleges. 
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